Objective: To examine how cognitive impairment affects Parkinson disease (PD) patients' research consent capacity.
Parkinson disease (PD) leads to functional impairments as a result of not only motor, but also cognitive deficits. 1 Even patients with mild cognitive impairment (MCI) have impairments in their function, 2 and their capacity to make medical decisions, [3] [4] [5] but as prevalent and clinically significant as cognitive impairment is, little is known about how it affects patients' research consent capacity.
Researchers need to know which decisional abilities are impaired, and how these impairments associate with measures of overall cognition such as the Montreal Cognitive Assessment (MoCA) and the Mini-Mental State Examination (MMSE). These measures are often among the clinical trial eligibility criteria, and clinicians use them to measure cognitive impairment in PD. Although cognitive measures cannot substitute for a capacity assessment, the more we understand how cognitive impairments associate with losses in capacity, the better we can delineate the borders between normal vs abnormal cognition, and have an evidence base to develop protocol-specific subject protections.
Studies of medical decision-making capacity in patients with dementia and MCI use a similar conceptual model as studies of research consent capacity. [3] [4] [5] These studies suggest that we should expect impairments in research consent capacity. The goals of this study were to understand the severity of capacity impairments in a cohort of patients with PD whose overall cognitive performance ranged from normal to dementiarange impairment. Our hypotheses were that PD patients in the borderline range of impairment would, compared with cognitively normal PD patients, show impairments in their decisional abilities, and that the MoCA and the MMSE would associate with a PD patient's loss of capacity to provide informed consent. METHODS 
Study participants and eligibility criteria.
We used a nonproportional stratified sampling process to enroll 90 patients with PD and divide them into 3 groups of 30 patients each using cutoffs based on Mattis Dementia Rating Scale-2 (DRS-2) performance (PD patients with "normal," "borderline," and "impaired" cognition). We also enrolled 30 neurologically normal older adults as a normative reference for all 3 patient groups' capacity scores ("normal controls"). All subjects were aged 65 years or older, native English speakers with at least sixth grade education, had a corrected visual acuity to read from a handheld visual acuity card, and were able to hear spoken speech.
Patients with PD. Patients with PD were eligible if they had 1) a diagnosis of idiopathic PD by a movement disorder neurologist at the Penn Udall Center, 2) the ability to give consent, or assent with the consent of a legally authorized representative, and 3) performance on the DRS-2 total age-and education-corrected MOANS (Mayo Older Americans Normative Studies) Scaled Score in one of the following 3 cognitive categories: "normal" DRS-2 $9, "borderline" DRS-2 5 6 to 8, and "impaired" DRS-2 #5. We selected these categories based on the published norms of the DRS-2 and evidence that these categories differentiate among patient performance on a measure of instrumental activities of daily living. 2, 6 All PD patients were interviewed "on" medication, as has been the practice in other studies of capacity and cognition.
Normal controls. Persons aged 65 years or older enrolled in the normal control cohort of the Penn Alzheimer's Disease Center longitudinal cohort study were interviewed within 3 months of their last cohort assessment and defined as having normal ageand education-adjusted performance on neuropsychological testing, a normal neurologic examination, no diagnosis of idiopathic PD, and lacking both dementia by NINCDS-ADRD (National Institute of Neurological and Communicative Diseases and Stroke-Alzheimer's Disease and Related Disorders Association) criteria 7 and MCI by Peterson criteria. 8 Subject measures. Two research assistants divided data collection into 2 days in order to limit participant fatigue and to ensure that the capacity interviewer was blinded to cognitive data. Subjects underwent 2 MacArthur Competence Assessment Tool for Clinical Research (MacCAT-CR) interviews, one describing an early-phase, double-blind, placebo-controlled "bridging study" to test the safety and tolerability of a drug, a capacity scenario we have used in prior research, 9, 10 and the other describing a double-blind, sham-surgery controlled, randomized trial to test the safety and tolerability of injecting a growth factor gene into the brains of patients with PD.
We chose these 2 clinical trials because they involved the spectrum of research procedures currently being tested in patients with PD, and as early-phase trials with more than minimal risks, they require additional subject protections such as a capacity assessment. Also, 2 clinical trials allowed us to examine the consistency of patient performance between trials and, because we expected normal controls to demonstrate relatively sound decision-making capacity on the MacCAT-CR, 2 sets of capacity scores would permit a more robust estimate of the range of normal performance.
For each capacity interview, subjects retained a copy of that clinical trial's mock informed consent form to consult at their discretion while answering the MacCAT-CR interview questions. The forms were written in the style and format of Penn Institutional Review Board-approved informed consent forms and included the content mandated under the requirements for informed consent described in the Common Rule. 11 The assessment of decision-making capacity. To assess capacity after the disclosure session, we used the MacCAT-CR, 12 a standardized assessment that measures the 4 decision-making abilities (score ranges in parentheses): understanding (0-26), appreciation (0-6), reasoning (0-8), and expressing a choice (0-2). Its reliability and validity has been shown in persons with major depression, 13 schizophrenia, 14, 15 and mild to early moderate Alzheimer disease. 16, 17 The interviewer scored the interview as she performed it and also digitally video recorded the interview for quality control, review, and rating by expert judges.
The standard MacCAT-CR administration was modified to more accurately reflect the way informed consent is conducted in standard research practice. Instead of asking an understanding question after each section, the forms were reviewed in their entirety before asking the MacCAT-CR questions. At the start of the capacity assessment, the interviewer encouraged the subject to refer to the informed consent form while he or she answered the questions.
The judgment that a patient is capable of informed consent. Three psychiatrists located outside of Penn, with at least 5 years of postresidency expertise in capacity assessment and familiar with the MacCAT-CR conceptual model for decisional capacity, independently viewed each capacity interview and rated whether the subject was capable of providing his or her own informed consent. Expert raters answered the following question that we and other researchers have employed: "Based on your review of this interview, do you believe that this subject has sufficient capacity to give his or her own informed consent to the research study?" with answer choices of "definitely has sufficient capacity," "probably has sufficient capacity," "probably does not have sufficient capacity," and "definitely does not have sufficient capacity." 9, [17] [18] [19] The status of capable of consent was defined by the consensus of at least 2 of 3 experts. Consensus of expert rater outcomes have generally shown good overall agreement. 16, [19] [20] [21] [22] To ensure that the experts focused only on the capacity data and that performance on measures of cognition did not influence their capacity judgments, raters were blinded to all clinical data that characterized cognitive, functional, and PD symptom-related severity.
Covariates of subject demographics, disease severity, and cognition. Covariates included age, education in years, sex, race, and ethnicity; Hoehn and Yahr stage 23 ; levodopa equivalent daily dose 24 ; Geriatric Depression Scale-15 25 ; MMSE 26 ; MoCA 27 ; and DRS-2 total scores. 28 Data analyses. All analyses were performed using STATA 12.0 (StataCorp, College Station, TX). As expected, normal control performances on each of the MacCAT-CR interviews did not differ (paired t tests: understanding, p 5 1.00; appreciation, p 5 0.77; reasoning, p 5 0.42), allowing us to sum each pair of ability scores, rescale them according to the range of the ability measure, and use this distribution to categorize PD patient performance.
The cutoff was set at $15.9th percentile, which corresponds to 1 SD below the mean of a normal distribution. We calculated the proportions of PD patients in each of the cognitive groups who had intact performance and compared these proportions using the x 2 test. Similar comparisons were made among the proportions judged capable of informed consent.
To examine the relationship between the judgment that a patient with PD is capable of informed consent and measures of overall cognition, we used logistic regression and STATA's "roctab" function to examine the sensitivity and specificity of being judged not capable of providing informed consent, to generate receiver operating characteristic (ROC) curves, and to compute the area under the ROC curve (AUC) and its 95% confidence interval (CI); and the "roccomp" function to determine whether there is one ability measure that performs better than the rest.
Standard protocol approvals, registrations, and patient consents. All participants provided written informed consent, or in the case of those not capable, assent with the informed consent of their knowledgeable informant, to participate in this University of Pennsylvania Institutional Review Boardapproved study.
RESULTS
Subject characteristics. Table 1 shows that the 4 subject groups with 30 subjects each-normal controls and PD patients with normal, borderline, or impaired cognition-had no differences in their age, years of education, sex, or race. PD patients with normal cognition had a higher median Hoehn and Yahr score than borderline and impaired PD patients.
Performance on decisional capacity. Table 2 summarizes the mean scores, proportion intact on the measures of decision-making ability as defined by the performance of the normal controls, and the consensus of the 3 independent experts' judgments of the PD patients' ability to provide their own informed consent. The judgments of the 3 independent experts showed good agreement for both clinical trials: pairwise k values ranged from 0.56 to 0.74, and group k values of 0.64 for the drug trial and 0.65 for the surgical trial. In general, between-group comparisons of either mean scores or the proportions with intact performance show similar patterns, and, as expected, all subjects performed well on the simplest of abilities, the ability to express a choice. Below, we focus on each PD patient group's proportion intact on understanding, appreciation, and reasoning, and the expert judgments, because they summarize capacity performance in a more clinically transparent manner.
PD patients with normal cognition. PD patients with normal cognition compared with normal controls showed generally good performance on all decisional abilities for both clinical trials. The proportions of these patients scoring as well as normal controls ranged from 70% to 100%. The lower end of performance was seen on understanding both the drug and the surgical trials: 70% (21/30) intact on the surgical trial and 77% (23/30) on the drug trial. Most of these patients were judged capable of providing their own informed consent for the drug and the surgery trials (97% and 83%, respectively).
PD patients with borderline cognition. PD patients with borderline cognition had a mixed performance. Compared with normal controls, they had impaired performance on their ability to understand the drug and surgery trials: 37% (11/30) and 63% (19/30), respectively. In contrast, they generally showed adequate PD patients with impaired cognition. PD patients with impaired cognition had notable decisional ability deficits, particularly the ability to understand. Only 10% (3/30) and 3% (1/30) adequately understood the drug and surgery trials, respectively, performance that was worse than both cognitively normal and borderline PD patients. Cognitively impaired PD patients also had significantly worse performance than the other 2 patient groups on measures of appreciation and reasoning. For these abilities, the proportion of cognitively impaired PD patients who scored as well as the normal controls ranged from 57% (17/30) to 67% (20/30). The severity of these capacity impairments was reflected in the expert judgments: only 17% (5/30) were judged capable of informed consent on the drug trial and 3% (1/30) on the surgery trial.
Relationship between expert capacity ratings and patient cognitive impairment. ROC analyses can demonstrate Table 2 Performance on capacity measures for drug trial and surgery trial how each score on a measure of cognition predicts the likelihood that experts judge a patient to have adequate capacity. For the MMSE, the AUC for the drug trial was 0.83 (95% CI: 0.74-0.92) and for the surgery trial was 0.85 (95% CI: 0.77-0.92). For the MoCA, the AUC for the drug trial was 0.88 (95% CI: 0.80-0.96) and for the surgery trial was 0.91 (95% CI: 0.84-0.98). The MoCA showed a trend toward better prediction than the MMSE for the surgery trial (p 5 0.06) and no difference for the drug trial (p 5 0.22). Table 3 shows the sensitivity and specificity of being judged not capable of consent for both the drug and surgery trials as a function of performance on the MoCA and the MMSE. In the case of the MoCA and the drug trial, using a cutoff score of #22 (sensitivity 5 94%) will provide good sensitivity (i.e., .90%, or failing to identify fewer than 1 in 10 patients judged to be incapable) to detect those patients deemed not capable of providing their own consent. In the case of the surgery trial, the same cutoff point for the MoCA of #22 provided sensitivity of 91%.
For the MMSE, the lowest adequate cutoff scores were #28, for both the drug and surgery trials, which is close to the ceiling of the instrument (i.e., score of 30). However, at this cutoff point, the specificity of the MMSE is far lower than the specificity of the MoCA at its comparable cutoff point, meaning that there will be a much higher percentage of false-positive results with the MMSE compared with the MoCA. DISCUSSION Among the requirements for an informed consent, an adult must have adequate capacity, but adults with PD may have cognitive impairments that cause diminished capacity.
Although cognitively normal PD patients generally were capable of consent, 17% were judged incapable of providing their own informed consent for the surgery trial. This is a proportion that, although comparatively smaller than the proportions of borderline and impaired PD patients judged to be not capable (43% and 97%, respectively), is arguably large enough that researchers enrolling such patients in high-risk trials ought to attend to decisional capacity. This result likely reflects that the more risky the clinical trial, the more likely experts are to judge a person not capable of consent. 18 PD patients with borderline cognitive impairment are a clearly vulnerable group. Nearly half were judged not capable of providing their own informed consent to the surgery trial and one-third to the drug trial. This suggests that their typical impairments in at least one of the cognitive domains of memory, attention, and visuospatial and executive function may be clinically significant. 29 These findings reiterate studies of treatment consent capacity in PD patients with MCI who also show impairments, particularly the ability to appreciate. [3] [4] [5] In contrast to the medical decision-making studies, however, we found that most of the capacity impairments in PD patients with borderline or impaired cognitive function were related to the inability to understand information. This ability requires a person to encode facts, retain them, and map them onto his or her existing knowledge base. In our study, where subjects were allowed to retain the multipage consent form as they answered the understanding questions, they could search the form to find answers they could not recall. Impairments in understanding then reflect problems not simply in memorizing and recalling facts but in retrieving them from a multipage form, suggesting problems related to initiation and execution of an activity, problems common in the cognitive dysfunction seen in patients with PD. 30 In a subsequent study, we will examine the relationships between DRS-2 subscales and measures of decisional ability. PD patients with borderline cognitive impairment represent 25% to 30% of nondemented PD patients. 31 Researchers who recruit them need to consider adopting subject protections over and above those they would take for cognitively normal PD patients. These might include a structured assessment of capacity, particularly the ability to understand information, and asking the patient to designate a study partner. Persons with Alzheimer disease retain the ability to designate a study partner even when they have lost the ability to provide their own informed consent to a study. 17 Assuming that this same pattern is seen in patients with PD, then investigators can use this protection.
Categorizing patients into groups based on their cutoff scores on a measure of cognition sacrifices information, as categories miss information provided along this continuous dimension. Hence, we examined the odds of incapacity along the continuum of cognition. Both the MMSE and MoCA showed good ability to classify patients with PD as capable of consent to each of the 2 clinical trials. Perhaps the greatest value of these results is showing the range of MoCA scores that minimizes the error of mistakenly judging a patient as capable of consent who is in fact not capable. Our results suggest that this is a score of no less than 22.
Measuring cognition with the MoCA is not a substitute for a capacity assessment. Instead, the score helps researchers and clinicians better understand the kinds of patients who might have problems making a decision to enroll in more than minimal risk research. The sensitivity cutoffs may be useful to minimize the error of labeling a noncompetent patient as competent.
Our results only approximate a real clinical trial. In addition, we allowed subjects to retain the informed consent form during the capacity assessment. Other capacity assessment methods, such as giving persons a card with the relevant disclosure and then taking it away before assessing understanding, could yield different proportions of persons capable of consent. These limitations noted, we report valuable withinstudy comparisons of cognitively impaired PD patients with both normal controls and cognitively normal PD patients, and the criterion measure of expert judgments blinded to cognitive and capacity data.
PD patients with dementia typically have notable capacity impairments and those with MCI also have capacity deficits. In the case of more than minimal risk research, both groups should be considered a vulnerable population, and MoCA scores may be useful to identify patients at risk of capacity impairments.
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